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Summary
B l o o d  p l a s m a  c o n t a i n s ,  i n  a d d i t i o n  t o  m a j o r  p r o t e i n s  l i k e  a l b u m i n  a n d
g l o b u l i n s ,  a  l a r g e  n u m b e r  o f  e n z y m e s  t h a t  o r i g i n a t e  f r o m  d e a d  o r . l e a k y  c e l l s .
T h e  ( g e n e r a l l y  l o w )  c o n c e n t r a t i o n s  o f  t h e s e  t i s s u e - d e r i v e d  c i r c u l a t i n g
enzymes ,  l i ke  t hose  o f  o the r  p lasma  p ro te ins ,  a re  de te rm ined  by  t he  ra tes  o f
en t r y  t o ,  and  remova l  f r om,  t he  vascu la r  compar tmen t .  Th i s  t hes i s  dea l s  w i t h
t h e  r e m o v a l  ( ' c l e a r a n c e ' )  o f  s u c h  e n z y m e s  f r o m  p l a s m a .
I n  t h e  f i r s t  c h a p t e r ,  t h e  m e c h a n i s m s  i n v o l v e d  i n  p l a s m a  c l e a r a n c e  a n d  t h e
m e t h o d o l o g y  o f c l e a r a n c e  s t u d i e s  a r e  d i s c u s s e d ;  t h i s  c h a p t e r  a l s o  c o n t a i n s  a
s u r v e y  o f  t h e  l i t e r a t u r e  o n  p l a s m a  c l e a r a n c e  o f  c i r c u l a t i n g  e n z y m e s .  I n  t h e
expe r imen ts  desc r i bed  i n  t he  f o l l ow ing  chap te rs ,  we  have  con f i ned  ou rse l ves  t o
the  c lea rance  o f  one  g roup  o f  t i s sue -de r i ved  enzymes ,  name ly  NAD-dependen t
dehyd rogenases .  We  have  s tud ied  c lea rance  o f  m i tochond r . i a l  ma la te  dehyd rogenase
( C h a p t e r s  2  a n d  3 ) ,  c y t o s o l  i c  m a l a t e  d e h y d r o g e n a s e  ( C h a p t e r  4 )  a n d  a l c o h o l
d e h y d r o g e n a s e  ( C h a p t e r  5 ) . I n  r a t s ,  t h e  t h r e e  e n z y m e s  w e r e  r a p i d l y  c l e a r e d ,  s h o w -
i n g  p l a s m a  h a l f - l i v e s  o f  7 - 3 0  m i n .  T o  i d e n t i f y  t h e  t i s s u e s  a n d  c e l l s  i n v o l v e d ,
t h e  e n z y m e s  w e r e  l a b e l l e d  r a d i o a c t i v e l y .  I n  g e n e r a l ,  u p t a k e  o f  a  l a b e l l e d
e n z y m e  c a n  o n l y  b e  m e a s u r e d  a c c u r a t e l y  i f  i t s  l a b e l  i s  r e t a i n e d  a t  t h e  s i t e s
o f  u p t a k e  a n d  e v e n t u a l  b r e a k d o w n  ( i . e .  i n  t h e  l y s o s o m e s  o f  e n d o c y t o s i n g  c e l l s ) .
l , l e  have  used  two  d i f f e ren t  app roaches  to  f u l f i l  t h i s  cond i t i on .  Expe r imen ts  on
cy toso l i c  ma la te  dehyd rogenase  and  a l coho l  dehyd rogenase  were  done  w i th  enzyme
I a b e l I e d  w i t h  0 - ( 4 - d i a z o - 3 , 5 - d i  [ 1 ' 5 t ] i o d o b e n z o y l ) s u c r o s e ,  a  r a d i o a c t i v e  I a b e l
t ha t  does  no t  read i l y  escape  f rom l ysosomes  a f t e r  b reakdown  o f  t he  p ro te in . .
T h e  s i t e s  o f  u p t a k e  o f  m i t o c h o n d r i a l  m a l a t e  d e h y d r o g e n a s e  ( l a b e l l e d  w i t h  r ' r l )
we re  de te rm ined  i n  an ' ima ls  p re t rea ted  w i th  i nh r ' b i t o r s  o f  i n t ra l ysosoma l
b reakdown .
We found  tha t  60 -70% o f  t he  i n j ec ted  amoun t  o f  t hese  th ree  enzymes  was
rap id l y  t aken  up  and  subsequen t l y  b roken  down  i n  1 i ve r ,  sp leen  and  bone  mar row .
Rad ioau tog rams  and  resu l t s  f r om ce l l  sepa ra t i on  and  ca rbon -b lock ing  expe r imen ts
sugges ted  tha t  up take  ma in l y  occu r red  i n  mac rophages  res iden t  i n  t hese  t i ssues .
S u b c e l l u l a r  f r a c t i o n a t i o n  o f  l  i v e r  s h o w e d  u p t a k e  i n  l y s o s o m e s .  S a t u r a t i o n
phenomena  a t  h i gh  doses  po in ted  to  up take  by  adso rp t i ve  endocy tos i s .  Abou t  t he
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ve  endocy tos i s .  Abou t  t he
s a m e  r e s u l t s  w e r e  o b t a i n e d  b y  D r .  A . S . H .  D e  J o n g  i n  o u r  l a b o r a t o r y  w i t h
l ac ta te  dehyd rogenase  i soenzyme MO.  The  s im i l a r  behav iou r  o f  t hese  fou r
dehyd rogenases  po in t s  t o  a  common  c lea rance  mechan i sm.  I ndeed ,  compe t i t i on
expe r imen ts  desc r i bed  i n  Chap te r  6  sugges t  t ha t  t he  f ou r  enzymes  -as  we l l  as
adeny la te  k i nase -  a re  endocy tosed  by  mac rophages  v ia  a  common  recep to r .  A l l
t h e s e  f i v e  e n z y m e s  c o n t a i n  n u c l e o t i d e - b i n d i n g  s i t e s .  I n  t h e  s a m e  c h a p t e r  w e
show tha t  m i tochond r i a l  ma la te  dehyd rogenase  tha t  was  mod i f i ed  by  cova len t
b l o c k a d e  o f  i t s  n u c l e o t i d e - b i n d i n g  s i t e s  w i t h  t h e  t r i a z i n e  d y e  P r o c i o n  B l u e
MX-R,  i s  t aken  up  a t  a  much  l ower  ra te  t han  the  unmod i f i ed  enzyme.  Taken
toge the r ,  ou r  resu l t s  s t rong l y  i nd i ca te  t ha t  t he  f ou r  dehyd rogenases  and
a d e n y l a t e  k i n a s e  a r e  e n d o c y t o s e d  v i a  a  r e c e p t o r  t h a t  s p e c i f i c a l l y  b i n d s  t o
t h e ' i r  n u c l e o t i d e - b i n d i n g  s i t e s .  P o s s i b l y ,  t h e  r e c e p t o r  i s  a l s o  i n v o l v e d  i n  t h e
c l e a r a n c e  o f  a  l a r g e  n u m b e r  o f  o t h e r  n u c l e o t i d e - b i n d i n g  e n z y m e s ,  t h u s  a c t i n g
a s  a  g r o u p - s p e c i f i c  r e c e p t o r  f o r  n u c l e o t i d e - b i n d i n g  e n z y m e s .  0 t h e r  w e l l  - k n o w n
group -spec i f i c  r ecogn i t i on  s  i t es  a re  t he  N -ace ty l  g l ucosamine /mannose
recep to rs  on  Kup f fe r  ce l l s  and  l  i ve r  endo the l i a l  ce l l s  and  the  ga lac tose
r e c e p t o r  o n  l i v e r  p a r e n c h y m a l  c e l l s .  S i n c e  i t  i s  u n l i k e l y  t h a t  i n d i v i d u a l
recep to rs  ex i s t  f o r  each  c i r cu la t i ng  enzyme,  t he  p resence  o f  a  common  recep to r
f o r  a  g r o u p  o f  r e l a t e d  p r o t e i n s  m i g h t  w e l l  b e  a  g e n e r a l  p r i n c i p l e .
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